Anaerobic bacterial infections, although rare, can be potentially serious and life-threatening 1 . Due to their slow growing nature in culture and their tendency to identify anaerobic organisms as being the microbial pathogens responsible for infection 1 . Fusobacterium necrophorum is a strictly anaerobic gram-negative the oral cavity, alimentary canal and female genital tract 2, 3 . There have been few reported paediatric cases of F. necrophorum infection and often the disease a case of disseminated F. necrophorum infection in a previously healthy juvenile male. All of the classic symptoms of disseminated F. necrophorum infection occurred in our patient including septic shock, multiorgan dysfunction syndrome (MODS), pulmonary and Lemierre's syndrome (acute oropharyngeal infection with secondary septic thrombophlebitis of the internal jugular vein).
CASE HISTORY
The Institutional Ethics Board of the University of A 15-year-old male presented to the emergency room with a four-day history of vomiting, diarrhoea and a painful left ankle without previous trauma to the joint. The patient had been taking ibuprofen and aspirin. On inspection he appeared alert but looked unwell. Anaesthesia and Intensive Care, Vol. 35, No. 5, October 2007 Staphylococcus aureus infection, vancomycin was added to his antibiotic regimen. Despite intravenous antibiotics, his condition rapidly deteriorated, requiring intubation, ventilation and haemodynamic support with noradrenaline and vasopressin.
immunoglobulins and complement levels were shown chest X-ray. His serum troponin-I was elevated at echocardiogram showed normal function. On day four his liver dysfunction and acute renal failure worsened. His ankle became hot and swollen, prompting an MRI of the joint ( Figure 1A ) and subsequent incision and drainage of purulent material. The gram stain on the suggesting that anaerobic organisms may be present.
A CT was performed six days after his admission and as cavitary lung lesions and bilateral pleural effusions ( Figure 1C ). Chest tubes were placed bilaterally. The patient's P a O 2 /FiO 2 ratio decreased below 200 indicating acute respiratory distress syndrome and thus, a protective ventilation strategy was initiated. All cultures were negative except a blood culture six with slow-growing gram-negative rods. On hospital day eight, an MRI of his abdomen and pelvis was suspicious of an abscess in the left obturator internus ( Figure 1B ), though this was not felt to warrant surgical intervention. An ultrasound of his pleural effusions showed septations consistent with ongoing bilateral empyema ( Figure 1D ), prompting administration of streptokinase via chest tubes bilaterally 4 . Ultimately, he required bilateral video-assisted thoracoscopic surgery for decortication of the empyema 5,6 , at which time extensive left lower lobe necrosis was noted. Samples of his empyema were sterile and were notable was also placed at this time for predicted prolonged ventilatory needs. F. necrophorum growth was obtained on day nine of his hospitalisation from the blood culture drawn on admission. This anaerobic bacterium was reported as being sensitive to meropenem, metronidazole and penicillin, and therefore intravenous metronidazole was added to his treatment. At this time, the patient was noted to maintain his head position rotated to the left and he grimaced with head straightening. Lemierre's syndrome a clot measuring 0.74 cm in length in the left internal jugular vein ( Figure 1E, 1F ). Anticoagulation with heparin was ongoing and continued at prophylactic dosages, given the reported controversy with therapeutic heparin in the treatment of Lemierre's syndrome. This neck vein had not been cannulated.
A potential route of entry for F. necrophorum was revealed by a detailed dental assessment that showed extraction. On the 18th day of hospitalisation, his respiratory status improved and he was weaned from the ventilator to a tracheostomy mask with supplementary oxygen. His remaining chest tube was subsequently removed and his tracheostomy was decannulated. Still receiving prophylactic heparin therapy, a follow-up ultrasound prior to transfer showed his internal jugular vein thrombus had decreased in size to 0.33 cm.
The patient was discharged after 56 days in hospital on oral metronidazole for an additional month. At the time of this report, he had limited exercise tolerance secondary to pain with ambulation arising from his ankle, but was otherwise making a good recovery with aggressive physiotherapy and ongoing orthopaedic follow-up. His pulmonary function tests, completed six weeks post-discharge, were remarkably normal given the severity of the involvement of his lung parenchyma.
DISCUSSION
Before the advent of antibiotics, F. necrophorum infections were quite common, with >250 cases reported worldwide from the time of its initial description up to the 1940s 7 . Since then the number of cases has declined rapidly and this bacterium is now rarely isolated. The outcome of F. necrophorum infection has also improved 8 . Although the prevalence of infection with F. necrophorum is currently at about one in a million persons per year in the general population, the incidence has been rising in recent years 9 . For example, the number of F. necrophorum infections in one paediatric hospital has increased from a single isolate of the bacterium in culture between 1996 and 1999 to 15 isolates between 2000 and 2002 7 . Only one of these 15 isolates came from a disseminated case of the infection while the others consisted of either localised peritonsillar abscesses or Lemierre's syndrome 7 . Despite increases in the total number of cases, the incidence of disseminated disease remains low and most physicians have not encountered F. necrophorum infection 10, 11 .
The pathogenesis of F. necrophorum infection is complex, explaining the bacterium's ability to generate a diverse array of symptoms. F. necrophorum has both a liposaccharide endotoxin and a heat stable extracellular leucocidin 2,9 ; these two molecules are of the bacterium 2 . F. necrophorum also has the ability to aggregate platelets leading to intravascular coagulation and thrombus formation 2, 9, 12 . This latter characteristic is associated with only the most virulent strains of fusobacterium 9,12 .
Tonsils and peritonsillar tissues are frequently the primary source of infection 10, 11, 13 . Table 1 is a compilation of previously reported paediatric cases of disseminated F. necrophorum and shows that most of the infections originate in the pharynx. Less commonly, the bacterium can seed into the bloodstream because of parotitis, sinusitis, mastoiditis, otitis and dental infections 13 . The presumed portal of bacterial entry in our patient was decayed teeth that were eventually extracted, however, this source of F. necrophorum infection was unclear until the of F. necrophorum infection can also be attributed to the oral infection having resolved or improved greatly before the onset of sepsis and other symptoms 9 .
in empirical diagnosis with this bacterium.
Once the bacterium has disseminated from the primary site of infection, it is capable of causing severe sepsis and metastatic complications 10 . Due to anatomical proximity, the infection often spreads to the lateral pharyngeal space in which the carotid Additional cases of F. necrophorum infection have been reported with localised tissue infections or strictly Lemierre's syndrome 7, 9, 10, 14, 20, 22 . Cases of disseminated F. necrophorum infection prior to 1990 have been summarised previously 11 . One other reported case of disseminated F. necrophorum infection was found 7 but there was insufficient information provided for inclusion in the table. HFO: high frequency oscillation.
sheath and its contents are located. By using proteolytic enzymes, the bacteria can then invade the internal jugular vein leading to thrombosis and sepsis 2,3 . Direct extension of the thrombus from the peritonsillar veins into the internal jugular vein can also occur 2, 3, 9 . Septic emboli originate from the internal jugular vein thrombi and can easily disseminate, with lungs being the most common site of metastases 2 are usually detected early and tend to progress rapidly despite antibiotic therapy; empyemas and lung abscesses are frequently observed 2,7,9 .
Metastases to joints such as the hip, knee, shoulder, ankle, elbow and sacroiliac lead to septic arthritis cases) 7,9 . Liver failure with hepatomegaly and jaundice is commonly recorded in F. necrophorum infections and is probably due to circulating endotoxins 2 . Acute renal failure is much less common 9,10 . Table 1 illustrates the considerable variation in the presenting complaints of systemic F. necrophorum infections. The severity of the disease ranges from septic arthritis of a single joint 14 to the full spectrum of symptoms seen in our patient. Other sites of metastases include the heart and CNS 15, 16 . Due to the diversity of symptoms exhibited by those infected with the bacteria, initial presentation of the disease can involve a variety of health care specialties, including primary care, emergency medicine, orthopaedics and otolaryngology.
Diagnosis of F. necrophorum infection is also hindered by the slow-growing nature of the anaerobe. In this patient, the bacterium was present in blood F. necrophorum on culture day nine. This lengthy cases described in Table 1 . The patient's condition deteriorated considerably during growth of F. necrophorum in culture, despite anaerobic antibiotic coverage, indicating an ongoing systemic for this patient indicated bacterial sensitivity to meropenem, the most effective antibiotic against F. necrophorum appears to be metronidazole 2,9 , which was added to the treatment regimen after and tetracyclines seem to be effective in vitro, although they are considered relatively ineffective in practice due possibly to poor tissue penetration 2,9 . Other cases of disseminated F. necrophorum have detailed the necessity for changes in antibiotic usage once the 8, 14, 17, 18 . The case presented here required surgical interventions, which is common for disseminated F. necrophorum infections (Table 1) . Anticoagulant use with Lemierre's Syndrome is controversial since the thrombus often resolves with antibiotic treatment alone 2 . Anticoagulant use might only be necessary when there is either a lack of thrombus regression with antibiotic usage or spreading of the thrombus towards the cavernous sinus 2,9 . In extreme cases where the thrombus is unresponsive to treatment, ligation or resection of the internal jugular vein is utilised 9 . This case is an example of a rare but serious healthy paediatric patient with normal immunological studies. The delayed diagnosis secondary to slow bacterial growth in culture is common with F. necrophorum infection, as is the diversity and severity of symptoms. Thus, when septic shock and MODS occurs in conjunction with multiple metastatic abscesses, F. necrophorum should be considered on the list of possible pathogens and early anaerobic coverage be instituted. 
